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Infrared thermography, as a NDT tool, has been used intensively 
by nondestructive evaluation engineers for the testing of composite 
and plastic materials. Some application, vibrothermography [1,2], 
requires the use of a mechanical shaker to induce localized heating in 
the material, while some other, stimulated photothermography, requires 
the application of an external light source to create time-varying 
thermal patterns in the material under test [3,4]. 
Over the last years, theoretical and experimental works were 
carried out at the Office National d'Etudes et de Recherches 
Aerospatiales (ONERA FRANCE), in order to set up the principles of 
this technique and to transfer it to an industrial stage. This work 
gives rise to an industrial apparatus dedicated to the testing and 
characterization of materials by photothermography. The purpose of 
this paper is to describe this apparatus, named PTR 8900, and also to 
present some experimental results obtained with it. 
BASIC PRINCIPLES OF INFRARED PHOTOTHERMOGRAPHY 
As it was describe by Cielo and all [4], the typical approach 
for thermal NDT consists in subjecting the inspected workpiece to a 
surface thermal excitation and observing eventual perturbations of the 
heat propagation within the material, as produced by thermal 
discontinuities related to the presence of subsurface defects. Figure 
1 illustrates these basic principles. As it can be seen from it, the 
defect gives rise to a bump during the temperature decay of the 
material front surface. Both amplitude and time delay of this bump are 
used to predict the severity of the damage and its depth. The relation 
between severity of damage and bump amplitude is simply deduced from 
the fact that the bump amplitude is directly related from the defect 
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Fig.l. Basic principles of photothermography. 
thermal resistance, wich can be used as a measure of damage severity. 
Figure 1 shows also that heat deposition is produced by light 
illumination at the specimen surface. This photothermal energy is then 
transformed into heat wich flows into the material volume. In the case 
of the PTR 8900 system, the proprietary light source is composed of 9 
infrared tubes and a electromechanical aperture system, wich allows 
continuous aperture time from 50 ms to several hours. The temperature 
surface is continously monitored by an infrared camera, which delivers 
infrared images at a rate of 25 per second. These thermal images are 
recorded and analysed in real time by a computer. 
THERMAL MODELIZATIONS. THE PHOTOTHERMAL CADTM SOFTWARE 
Several thermal models were developed and incorporated into the 
Photothermal CactTM software. These models can be roughly separated into 
two categories : 
(i) Improvement of the detectability of defects 
(ii) Quantitative characterization of defects. 
Improvement of the detectability of defects 
In photothermograpy, improving the detectability of defect 
is equivalent to improving the thermal resolution of the infrared 
camera, and therefore the signal-to-noise ratio . This can be achieved 
by the . zero-order momentum method. From thermal transfer theory one 
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can shown that the zero-order momentum, Mo , converges to a finite 
value, given by [3,5] : 
Mo = J .iT (t) tO dt = Q R (1 - Z/L) 2 (1) 
where <iT(t) is the front surface time-varying temperature, t is the 
time, Q the amount of deposited energy, Z the depth of the defect and 
L the thickness of the specimen. Equation (1) is thus used by 
Photothermal CadTM to convert time varying thermal pictures to zero-
order momentum images. 
Defect detection can be disturbed by non-uniform thermal 
patterns at the surface of the material, created by a non-uniform 
illumination or by local surface differences. These thermal patterns 
can either mask defects or create artifacts. In order to remove these 
thermal gradients, normalization procedures are used by photothermal 
CadTM. 
Quantitative characterization of defects 
The quantitative characterization of a defect consists 
mainly of determining its depth and its damage severity through 
thermal resistance. Photothermal CadTM computes these pararameters 
through the use of effusivigrammes or effusivity pictures. 
If one considers a one-layer material, the surface temperature 
decay is given by the following equation [6] : 
<iT(t) Q I e (7t t)l/2 (2) 
where Q is the temperature, e the material effusivity and Q the 
density of deposited energy. From eq. (4), one can obtained the value 
of e 
e=Q/.iT(t) (7tt)l/2 (3) 
In a single-layered material (free of defect) the curve e vs t 
is a straight line, while in a multi-layered material (material with 
defect), a time-dependent behavior fore vs time is observed. 
Photothermal CadTM uses a thermal model developped by Balageas et all 
[5,6], wich relates the thermal resistance and depth of the defect to 
e(t). 
DESCRIPTION OF THE PTR 8900 SYSTEM 
The PTR 8900 system is made of four main elements : 
(i) An infrared camera and its dedicated electronics. In the 
standard version of the system, a AGEMA 880 camera is used. Extensions 
to other types of IR cameras are currently studied. 
(ii) A light illumination system, made of 9 IR tubes, an 
electromechanical aperture system, a power controller. The total 
electrical power is 18 KWatts. The aperture time can continously vary 
from 50 ms to several hours. 
(iii) A 12 bits, real time digitizing interface, wich allows 
real time digitization of thermal pictures. 12 bits (72 dB) of 
digitization are necessary to record the entire dynamic of the camera 
(80 dB). 
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Fig. 2. Detection of delaminations in composite materials. (a) 
Thermal picture taken at t = 1.5 seconds. (b) Effusivity normalized 
picture showing several defects at various depths. 
1020 
Fig. 3. Detect ion of impact damage in carbon- epoxy composite 
materials . (a) Impact side of the specimen. (b) Opposite side of the 
specimen. 
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(iv) A 386 based computer and associated softwares, among whose 
Phothermal CadTM and UltimageTM for image processing. 
EXPERIMENTAL RESULTS 
Detection of ctelaminations in composite materials 
A specimen of carbon-epoxy composite, 250 x 300 x 5 mm, 
made by Avion Marcel Dassault Breguet Aviation was tested. Simulated 
delaminations were created by incorporating several inserts of Teflon 
of various sizes and depths in the material thickness before curing. 
Figure 2 (a) shows a thermal picture taken 1.5 seconds after 
illumination has stopped. Defects close to the surface are clearly 
delineated. A thermal gradient induced by the non-uniform illumination 
is also visible. Figure 2 (b) is an effusivity picture taken from t = 
0 (illumination stop) to 15 secondes. This image was also normalized 
by a reference picture taken at t = 0.1 seconds. Several defects at 
various depths are now visible. By comparing with fig. 2 (a) one can 
see that the normalization procedure has removed the thermal gradient. 
Detection of impact ctamaqe in composite materials 
A specimen of carbon-epoxy composite material was impacted 
by dropping a steel cylinder. Figure 3 (a) shows a thermal picture 
recorded from the impacted side, 1 seconds after illumination has 
stopped. The impact is detected by the hot spot at the center of the 
picture. Figure 3 (b) is a thermal picture recorded from the opposite 
side 1 second after illumination has stopped. A typical patterns of 
impact damage (butterfly wings) is clearly delineated. 
CONCLUSIONS 
This paper presents an industrial system for the nondestructive 
testing and characterization of materials by photothermography. This 
system, named PTR 8900, was first developed by The French Office for 
Aerospace Research (ONERA FRANCE) and then its industrialization was 
made by CEDIP. 
The PTR 8900 system used an infrared camera, a light source, a 
real time digitizing interface, a 386 based computer, and several 
processing software among whose Phothermal CadTM and UltimageTM. 
This paper presents also some experimental results obtained with 
the PTR 8900 system. Delaminations in composite materials as well as 
impact damages in carbon-epoxy composites were fully detected. 
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